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C
limate change contro-
versies have raised the 
profi le of sustainabil-
ity discussions. In-
creased attention has 

yielded greater understanding of 
climate change as a global environ-
mental problem, one that requires 
global cooperation and greater sci-
entifi c consensus in order to reduce 
carbon emissions and consequently 
our energy footprint. 

Climate change, technology, 
and the sustainability debate are 
inseparable in a general sense, 
since sustainability is the capacity 
to maintain a certain process or 
state. Sustainability is also time de-
pendent. Climate change and sus-
tainability also are new domains 
that need be better understood by 
engineers. Engineers recognize 
that sustainability means being 
economically viable, ecologically 
sound, socially responsible, and 
culturally appropriate. Yet, these 
aspects fail to address the impor-
tance of “technology” as an ele-
ment of the climate change and 
sustainability debate. The term 
“technology” in this context im-
plies any system that humans may 
use to modify nature to meet their 
needs and wants. 

Increased Attention
It is now widely recognized that 
the Earth does not have an infi nite 
capacity for absorbing human in-
dustrialization. At the same time, 
whether one is deeply concerned 
with, or skeptical about, climate 
change, it is generally agreed that 
economic growth is necessary. 
This is true in the western world, 
but of even more concern in the 
developing world where grow-

ing populations should be enti-
tled to their share of wealth and 
 happiness [1].

Montgomery [2] described how 
soil erosion led the fall of civiliza-
tions from Mesopotamia to Rome, 
a circumstance often related in 
these cases to poor irrigation. Sim-
ilarly, if humans today refl ect on 
these lessons from history we will 
fi nd that the signifi cance of engi-
neering technologies today in the 

climate change debate is colossal. 
Sustainability cannot be addressed 
separately from technology. A 
common example of engineering 
technology relates to carbon diox-
ide (CO2) being one of the main 
contributors to human-induced 
global warming, warming that is 
accelerated by the burning of fossil 
fuels and deforestation. The more 
we burn, the more greenhouse 
gases are produced. The natural 
variation for our planet as a system 
means that the Earth may not be 
able to recover from its own losses. 

Hence, climate change ques-
tions lately are often coupled 
with the concept of sustainability. 
Generally, an accepted aim is to 
achieve a balance among the three 
aspects of sustainable develop-
ment: economic, environmental, 
and societal [3]. However we live 
in a world captured, uprooted. and 
transformed by the titanic econom-
ic and techno-scientifi c process 
[4]. In the words of [5], engineer-
ing, as an element of technology as 
a social process, is changing the 
world [6]. 

The idea that technology and ap-
plied sciences are essentially tools 
to understand and master the world 
was formulated much earlier by 
René Descartes (1596–1650) [7]. 
More modern research in the fi eld 
of science and technology studies 
has gathered much evidence that 
science is not separate from soci-
ety and that it does not just discover 
uncontested “truths” that are then 
translated into policies [8]. On 

the contrary, [9] critiqued modern 
technological society, not just tech-
nology but the larger, impersonal 
methods and “systems” by which 
our family, social, and political 
lives are ordered. 

Relationship Between 
Engineering and Technology 
So what is the relationship between 
engineering and technology? A 
number of good reviews exist on 
the distinction between science, en-
gineering, and technology. For the 
purpose of this discussion, science 
is defi ned as the principal laws of 
the natural world, tested over time 
and validated; engineering is the 
process of applying scientifi c prin-
ciples to benefi t society; and tech-
nology is the products and process-
es created by engineers to benefi t 
society. Engineering has been cen-
tral to the great economic growth 
that has characterized the rise of in-
dustrial capitalism, and as we move 
into a knowledge-based economy 
engineering remains a fundamen-
tal element [10]. Engineers are cre-
ators of technology [11] through the 

Technological change compliments 
societal change and vice versa.
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application of scientifi c principles, 
design, and construction, defi nes 
engineering.

Similarly technology is directly 
related to economics.  Johnson and 
Wetmore [12] reported on the en-
twined nature of technology in 
engineering and in society. They 
explained that although effi ciency 
appears as the only engineering 
necessity imposed on all human 
activity, making informed deci-
sions about technology is not sim-
ply a process of maximizing ben-
efi ts and minimizing problems. 
The importance of the engineering 
sciences and technology in driving 
sustainable economic and social 
development and addressing ba-
sic needs, including the reduction 
of poverty, was emphasized at the 
World Conference on Science in 
1999, the World Engineers’ Con-
vention in 2000, the Johannesburg 
World Summit on Sustainable 
Development in 2002, and WEC 
2004 – “Engineers Shape the Sus-
tainable Future.” Those discussions 
also relate directly to the UN Mil-
lennium Development Goals. 

Technologies “evolve” to solve 
problems perceived by various 
relevant social groups. Hence con-
temporary society, science and 
technology are inseparable. Ac-
cording to Weber [13], cultures are 
characterized by the presence of 
numerous techniques. These con-
cepts are validated by the birth of 
recent literature on social construc-
tion of technology (SCOT) studies 
[14]–[21]. Out of all this, numer-
ous contentious philosophical de-
bates have arisen over many issues 
related to the use of technology in 
society, from debates over technol-
ogy benefi ts and drawbacks, con-
cerns about dilution of privacy, to 
worries about the infl uence of the 
Internet upon children [22]. Given 
that technology is often a conse-
quence of science and engineering, 

we need to start with a updated 
defi nition of technology. 

Defining Technology
Modern society is full of technol-
ogy, and technology’s benefi ts to 
modern society are numerous. 
However, technology is not neutral; 
it refl ects cultural values. Technol-
ogy includes the many tools, tech-
niques, materials, and sources of 
power that humans have developed 
to achieve their goals. Technologies 
are often developed in response to 
specifi c task requirements using 
practical reasoning and experien-
tial knowledge [23]. 

Technology is also a broad 
concept. It can be described as 
a cultural and institutional phe-
nomenon [24], [25]. There are 
different ways of conceptualizing 
technological innovation and tech-
nological change in society, “inno-
vation” is often synonymous with 
technology. Technological innova-
tion is defi ned “the commercial 
application of human or machine 
embodied know-how that results 
in new, or previously unapplied 
technological changes to, products 
or processes. Technological inno-
vations are further separated into 
radical and incremental forms” 
[26]. Similarly technological de-
velopment or innovation may be 
described as a continuing evolu-
tionary process of variation and 
selection [27]. Let us list some 
defi nitions of technology:

 ■ The practical application of 
technical knowledge [28].

 ■ The process by which hu-
mans modify nature to meet 
their needs and wants [29].

 ■ A multiphasic, multilevel in-
put/output mechanism that 
is interdependent with its 
environment; an excellent 
overview in [30] notes that 
technology derives structure 

instead of adapting to exist-
ing structure. 

 ■ An activity that forms or 
changes culture [31]

 ■ The means by which outputs 
are created [32]

In addition, technology is dis-
cussed in [32]. However, it is the 
defi nition of technology in [33]—as 
the transformation of inputs into 
outputs—that links technology to 
consumptionism. Finally not all 
technology developed has had a 
net positive outcome; for example, 
did the creation of a nuclear bomb 
benefi t society? Probably not. 
However, technologies need to be 
developed in order to harvest as-
sociated better technological ben-
efi ts. Touching on the critical is-
sue of nuclear technology leads us 
to consider armament and warfare 
technology. What about warfare in 
general, or pollution, or deforesta-
tion? These situations developed 
from engineered technologies that 
arguably do more harm than good.

Society and Technology 
Society is becoming even more de-
pendent on engineering and tech-
nology [34]. At a macro level, tech-
nology has been described as the 
major engine of economic growth 
[35]. Without technology, it would 
not be possible to sustain the pres-
ent human population on this plan-
et. Moreover, without technology, 
the human population could never 
even have grown to anything near 
its current level. Technology is in-
tertwined with society’s progress. 

Critiques of technologi-
cal sustainability originated in 
the 1960s and 1970s [36]. This 
theory was advanced by in [37]. 
However, Kidd suggested that 
the roots of sustainability in a 
broad sense originated from six 
separate strains, but we do not 
intend to describe each of these, 
except for technology. The reason 
is that information technology 
lies at the root of productivity 
and economic growth [38]. Alan 

Sustainability cannot be addressed 
separately from technology.
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Greenspan, former Chairman of 
the U.S. Federal Reserve, noted 
that economic development in 
the first decade of the 21st cen-
tury emphasized the essence of 
information technology and digi-
tal society in the expansion of 
knowledge [39]–[41]. However, 
a digital society implies depen-
dence on networked ICT’s, with 
more people using the Internet, 
cell phones, digital video, digi-
tal music, personal computers, 
etc. Therefore, a digital society 
implies reliance on electricity in 
supporting 21st century socio-
economic development [42]. But 
electricity traditionally relies on 
natural resources, irrespective of 
the generation methods.

Even when renewable energy 
resources are being exploited, 
some degree of natural resource 
dependence remains. For example, 
hydro-electric generation requires 
a water supply and solar requires 
sunlight. Renewable resources mit-
igate, but cannot eliminate entirely, 
our dependence on natural resourc-
es. Benefi ts of ICT information and 
communication technology (adapt-
ed from [26]) include: 

 ■ These technologies can be 
used to compete against mo-
nopolistic trends.

 ■ They can accelerate innova-
tion reduce cycle times.

 ■ They have an unprecedented 
capacity for the dissemina-
tion of knowledge and infor-
mation.

 ■ They are a major driver of 
the globalization process.

 ■ They play an important role 
in making science research 
more effi cient.

Let us now review technology in 
the context of the Russian econo-
mist Kondratieff’s 1925 cyclical 
activity long-waves theory: “Ma-
jor Economic Cycles.” According 
to Kondratieff, capitalist societies 
rise in long waves of approx. 50–60 
years. Each cycle consists of three 
phases: expansion, stagnation, 

and recession. In his theory a new 
cycle arises from the ashes of the 
 previous cycle and thus the process 
repeats itself. Evidence for this the-
ory is shown in Table I and Fig. 1.

Innovation develops incremen-
tally due to demand from markets, 
from the substitution of old technol-
ogies by new technologies, and from 
the combination of existing tech-
nologies into new combinations. We 
can see these trends in Astronomy, 
Evolution, Medicine, Chemistry, 
and Earth Science. In addition to 
technological progress within disci-
plines, technology can also encour-
age inter-disciplinary work.

Some inventions trigger a wave 
of new innovations. When this 
phenomenon occurs, the triggering 
invention is known as a “Big Bang 
event.” [43] Such events result in an 
S-curve jump, as shown in Fig. 1.

In order for an invention to trigger 
a Big Bang, it must have a broad effect 
in several different applications. For 
example, GPS navigation in motor 
vehicles was only possible  because of 
advances in electronic components 
and telecommunications. 

Fig. 1 lists several technologies 
that had a dramatic impact in mul-
tiple applications. These technolo-
gies extend our ability to organize 
and control. But a burst of innovation 
does not continuously 
generate new ideas; in-
stead, technologies ad-
vance in cycles, alternat-
ing periods of variation, 
competitive selection, 
retention or convergence 
[44]. Examples of in-
ventions that produced 
such cycles include an-

tibiotics, plastics, semi conductors, 
Insulin, the personal computer, and 
the Internet.

Sometimes innovations in one 
area are dependent on progress 
in another area. For example, the 
widespread use of all-electric au-
tomobiles will require improved 
electric generation and transmis-
sion infrastructure. Another ex-
ample is the research in material 
substrates that may dramatically 
improve HD DVD technologies. 

Engineers and Technology 
The fundamental role of engineers 
and technology in the economic 
and politic arena has direct rela-
tionship with the perception of our 
natural resources. In the late 1990s, 
for instance, the world largest econ-
omy, the United States, deliberated 
on these issues, through the White 
House at the time, as follows: Sci-
ence helps us to understand the 
origins, characteristics and conse-
quences of global problems. Find-
ing solutions to these problems, 
and elucidating the complex chains 
of cause and effect through which 
they may be linked, requires a co-
ordinated effort by natural and 
social scientists, engineers, and 
policy-makers. As science plays 
an ever-increasing role, however, 

Table I
Approximate Timing Kondratieff Waves

1) Industrial Revolution 1780s–1840s

2) Steam Power and Railways 1840s–1890s

3) Electricity and Steel 1890s–1940s

4) Mass Production (‘Fordism’) 1940s–1990s

5)  Microelectronic and Computer 
Networks

1990s–current

Time 

In
no

va
tio

n 
 

Plastics
ICT’s

Biotech
Nanotech

1960’s 2010

Fig. 1. Waves of innovation.
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scientists must remain true to the 
fundamental principles of objectiv-
ity and impartiality. Transforming 
scientifi c breakthroughs into new 
technologies can have a profound 
impact on development, but wise 
stewardship of these technologies 
is essential. One challenge of sus-
tainability is to use technology in 
such a way that it balances advanc-
es in productivity with long-term 
resource viability. For example, 
technology helped bring about the 
Green Revolution, which resulted 
in increased agricultural productiv-
ity worldwide [45]. But at the same 
time, poorly designed irrigation 
systems led to soil degradation in 
some areas. In the decades ahead, 
technology will be called upon to 
feed a growing world population, 
with minimum impact on the integ-
rity of soil, water, forests, and other 
resources [46]. 

Technology Should 
be a Major Criterion 
As engineers in society, let us ex-
amine our professional existence. 
How do we survive? We live in 
a world captured, uprooted, and 
transformed by the titanic eco-
nomic and techno-scientifi c pro-
cesses [4]. In a global historical 
context, Cohen [66] suggested 
four periods of evolution in hu-
man population growth, the fi rst 
related to development of local 
agriculture (8000 BC), the sec-
ond related to global agricul-
ture (AD 1750), the third related 
to public health (1950), and the 
fourth related to fertility (1970). 
But it is information technology 
that defi nes the current period. 
According to Crump [47]–[51], 
whether the focus is technology, 
the economy, or society at large, 
it is widely accepted that technol-

ogy will have profound effects on 
natural resources. According to 
Hargroves and Smith [52], tech-
nology develops as a response to 
a perceived problem, need, or de-
sire. The waves shown in Fig. 1 
illustrate the progression of tech-
nology over time, simultaneously 
with a maturing civil society. 
Development is often described 
in terms of successive advances 
in technology. For example, the 
steam age, the industrial age, and 
the information technology age all 
refer to different historical peri-
ods. We now live in a world that is 
highly reliant upon technology for 
food, employment, and economic 
prosperity. Very often several so-
lutions are available to address a 
given situation. Being able to se-
lect the most appropriate technol-
ogy initially can reduce the poten-
tially disastrous social, economic, 
and environmental impacts that an 
inappropriate choice may have in 
the longer term.

The major sources of environ-
mental pressures normally associ-
ated with the different components 
of a technology are listed in Fig. 
2. The main pathways by which a 
technology interacts with its sur-
roundings can normally be divided 
into the following categories: the 
material, labor, and energy re-
sources used by the technology; 
the wastes and hazardous products 
released into the environment; and 

the impacts of the supporting in-
frastructure and services. While 
the environmental consequences 
of a technology will vary, all the 
components listed in Fig. 2 relate 
directly to climate change and 
sustainability. Hence, technology 
operating in different locations 
may have very different environ-
mental impacts relating directly to 
sustainability. However, if we con-
sider certain guidelines of sustain-
able technology [53], we determine 
that: the consumption of resources 
should be minimized, consump-
tion chains of non-renewable ma-
terials should be closed, and there 
should be a preference for renew-
able materials and energy sources. 
It is impossible to satisfy all three 
points or any one point indefi nitely 
without considering time con-
straints, hence time functions ap-
ply to all sustainable consumption 
scenarios. There can be “no per-
petual growth.”

Technology must be a major 
criterion in sustainability assess-
ments. Fuchs and Lorek [54] iden-
tifi ed technology as an important 
determinant of sustainability. In 
addition, Van der Wal and Noor-
man [55] found that technology 
 infl uences energy consumption 
[56], and that technology is an 
important source of potential re-
ductions in energy consumption. 
Ferguson et al. [57] examined the 
relationship between total energy 
consumption and wealth creation 
and between electricity generation 
and wealth creation, and recom-
mended that the benefi ts of elec-
tricity generation are at least of the 
same order of magnitude as eco-
nomic development itself. The rela-
tionship between energy consump-
tion and the gross national product 
(GNP) of countries has become 
such a commonly understood con-
cept that fi gures in U.S. dollars per 
ton of oil equivalent (toe) are quot-
ed as world development indicators 
by the United Nations. Pacey [58] 
tackled the idea that technological 
design seems to be divorced from 

Even when renewable energy 
resources are being exploited, 
some degree of natural resource 
dependence remains. 

Energy Waste

Technical
Skills

Raw
Materials

Technology

Fig. 2. Components of a techno-
logical system.
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the context of the use of products. 
He gives examples of big dams 
feeding leaking pipes and electrici-
ty  generating stations pumping heat 
into the atmosphere when electric-
ity is mainly used for heating, as 
examples of “halfway technology.” 
Today most major car companies 
are taking steps to lighten their 
vehicles while improving their 
quality, to improve the  effi ciency 
of existing types of engines while 
reducing their unwanted exhaust 
emissions. This is perhaps what 
Alexander [59] would describe as 
forms that badly fi t their context; 
fi tness is the relation of  mutual ac-
ceptability between domains. In a 
design problem, we want to  satisfy 
mutual demands that two entities 
make upon one another. We want 
to put the context and the form into 
effortless contact or frictionless co-
existence. 

The interaction of the technology 
with the environment as described 
by Balkema et al. [60] is schemati-
cally represented in Fig. 3. The de-
mands of the end user are translated 
into functional criteria that must be 
fulfi lled by the technology. Hasna 
[61]  acknowledged the importance 
of a fi nancial criterion observed un-
der a triple bottom line to assess for 
climate change and sustainability 
assessments [62]–[65]. On the oth-
er hand, the literature has limited 
clarity on the relationship between 
climate change, sustainability, and 
technology.

Technology Efficiency 
May Be Key
Technology has been discussed by 
sociologists and economists with 
varying polarity. Most notable 
were Adam Smith, Marcuse, and 
Karl Marx. Defi nitions of tech-
nology on both sides of the spec-
trum have validity equating tech-
nology’s value to the quality of 
life. Nevertheless other negative 
forces, such as human enslave-
ment or destruction of natural en-
vironments to exploit resources, 
are ingrained in all technological 

innovations, which are limited by 
the physical laws that govern our 
universe.

Reality is likely to fall between 
the extremes. How can engineers 
play a more positive role in sus-
tainability transformation? The 
sustainability debate is likely to 
continue on the basis of theoretical 
opinions and policy proposals.

The engineering profession 
can make significant contribu-
tions towards global aspirations 
for sustainability by developing 
inherent emission reduction tech-
nologies. The limitations of this 
orthodoxy are that future technol-
ogy cannot be a continuation of 
the past philosophies of develop-
ment, since it was industrializa-
tion and growth through innova-
tion that subsequently brought 
the economic success that got 
us here. Hence in response to 
climate change, development of 
technology provides some solu-
tions, but not the solution.

What are the risks in focusing 
too strongly on climate change for 
its own ends, rather than adequate-
ly applying technology effi ciency 
to meet the needs of an expand-
ing population that is expecting 
a higher quality of life? We argue 
that society is driven by growth, 
and growth is determined by suc-
cessive technology. While tradi-
tionally,  technological change has 
complimented societal change and 
vice versa, in modern society, cli-
mate change and sustainability can 
be synonyms of “technology.” 

In conclusion, we propose that 
technology considerations be 
analyzed when assessing for sus-
tainability, since technology can 
also increase society’s vulner-
ability. Some adverse effects are 
irreversible.
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